Research was conducted in 2012 and 2013 to determine the effect of nitrogen application timing and method on the yield, quality, and leaf chemistry of flue-cured tobacco. Liquid ureaammonium-nitrate supplied 100% of the total nitrogen and was applied in differing combinations of rates, timings, and methods. Nitrogen rates above, at, and below recommendation for specific locations were split into two, three, or four application timings depending on treatment. Nitrogen application was initiated at transplanting and concluded before or at topping. Applications of nitrogen were either soil applied at each interval or were soil applied until topping where application occurred over top to promote stalk rundown. Leaf tissue samples were collected at layby and topping to evaluate total nitrogen content throughout the growing season. Composite cured leaf tissue samples from all four stalk positions were analyzed for total alkaloid and reducing-sugar content. Yield data were collected and leaf quality was determined according to U.S. Department of Agriculture grade. Crop value per hectare was determined using a combination of yield and quality. Data were subjected to analysis of variance using the PROC GLM procedure in SAS ver. 9.4. Treatment means were separated using Fisher's Protected LSD at P # 0.05. Soil-applied treatments yielded higher than stalk rundown treatments but contained lower nitrogen content at topping and chlorophyl level (SPAD) measurements. Leaf quality was similar when nitrogen was applied as a stalk rundown at above recommended rates and when soil applied at recommended rates. Leaf value and total alkaloid content were not affected by treatments; however, sugar content was highest when less nitrogen was applied early in the season. Leaf nitrogen was higher at layby when a larger percentage of nitrogen was applied earlier in the season. Rainfall played a significant role in observed results and producers should exercise similar treatments with caution.
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INTRODUCTION
Nitrogen is considered to be the most important nutrient in the production of flue-cured tobacco (Nicotiana tabacum L.). Appropriate uptake of the nutrient is required to produce high-yielding, quality leaf with suitable aroma and smoke flavor (10) . Fluecured tobacco will accumulate approximately 50% of the total nitrogen applied in a season within 5 weeks after transplanting (14). Remaining nitrogen demand will be satisfied within an additional 4 to 5 weeks (8 to 9 weeks posttransplanting) (14). Nitrogen must be applied in adequate amounts to ensure availability to the plant during the essential stages of growth to have the greatest influence on chemical properties of the leaf (2) . Too little nitrogen reduces yield and produces immature leaves that are pale and slick once cured (16) . Smoke flavor and aroma from cured leaves deficient in nitrogen are noted as being flat and insipid (8). Overfertilization of nitrogen has potential to increase yield slightly but may also result in increased sucker pressure, delayed maturity, delayed ripeness, increased difficulty of mechanical harvest, and extended curing time (16) . Excess nitrogen can result in leaves that are dark brown to black in color with dry, chaffy texture and a strong, pungent flavor (8,10).
Leaf maturity and ripeness have a profound effect on leaf quality; however, these two characteristics are not the same (17). Leaf maturity is correlated with age of the tobacco plant, whereas ripeness is a factor of nitrogen attenuation as the growing season progresses (16) . Because of the unique harvesting of the vegetative portion of the tobacco plant, leaves at different stalk positions will be at different physiological growth stages at any specific point in time (10) . To ensure proper leaf quality it is important that a decline in nitrogen metabolism occurs as the plant reaches maximum leaf area (10) . This decline in nitrogen after maximum leaf area is reached allows for the harvest of properly ripened leaves without losing yield potential.
Flue-cured tobacco is generally produced on sandy and sandy loam soils (8). With variation in soil type, nitrogen recommendations vary as well. Coarse soil types with deep Ap horizons may require a base nitrogen application rate of 89 kg/ha, whereas soils with a larger percentage of clay may only require 56 kg/ha (3). Current recommendations for producers in the United States reflect these principles (16) . Being the most important nutritional component of a fertility program, nitrogen is relatively abundant in the fluecured tobacco plant, second only to potassium (14). Traditional flue-cured tobacco-producing soils are typically comprised of a coarse soil texture, are very well drained, and contain less than 1% organic matter (13). In these systems soil nitrogen reserves are often very low, which adds to the importance of proper nitrogen fertilizer application rates (13). It is not uncommon for tobacco produced on these specific soil types to experience significant nitrogen leaching due to excessive precipitation. Nitrogen lost from the rooting zone can result in high-sugar, low-nicotine leaf chemistry (13). Overfertilized or drought-stressed tobacco will result in low sugar and high nicotine content due to excessive nitrogen absorption or moisture stress, which reduces vegetative growth (13). Neither production scenario is desirable for the production of quality leaf.
Because of the leaching potential of nitrate nitrogen, many growers have altered their approach to fertility programs. According to McCants and Woltz (10) , when nitrate nitrogen is less than 30% of the total nitrogen source applied, reduced growth can occur as a result of ammonium toxicity. However, under present soil and climatic conditions as well as production standards, this has not been observed. Parker (12) verified that nitrogen source did not affect flue-cured tobacco yield, leaf quality, value, total alkaloid content, reducing-sugar content, or leaf color. A transition in management to a fertility program where all, or at least a percentage, of the total nitrogen is applied from liquid nitrogen can reduce nitrogen loss in a cropping system and decrease input cost without compromising yield or quality. The use of liquid material as a source of nitrogen has become a popular practice, with approximately 50% of the North Carolina flue-cured tobacco crop (.35,000 ha) receiving at least a portion of total nitrogen from this source (16) .
Current nitrogen rates applied to a tobacco crop are based on soil type, cultural practices, and field history (16) . With past research efforts focusing on nitrogen source and application rate, additional information is needed to determine the feasibility of splitting nitrogen applications into multiple applications without loss of yield or quality and without detrimental effects on leaf chemistry. Applying nitrogen in more than 2 applications would allow producers to base nitrogen rates on current growing conditions in conjunction with field history. With nitrogen availability being so closely correlated to weather conditions, and leaf quality being directly related to nitrogen availability, a new nitrogen regimen of more than 2 applications in a given season could assist growers in producing quality tobacco without reducing yield.
Application timing of nitrogen is critical to leaf maturity, ripening, and curability and was evaluated in a separate study (4) . An additional aspect of late-season nitrogen application is the method in which nitrogen is applied. Late-season nitrogen application is feasible when using a high-clearance sprayer in conjunction with liquid materials. The adaptation of a high-clearance sprayer allows for nitrogen application directly to the soil surface or through a stalk rundown application similar to what is utilized for suckercide application. Current information for these late-season application methods does not exist; therefore, research was conducted to quantify differences between application methods. Research was initiated in 2012 and continued in 2013 to evaluate the response of flue-cured tobacco to differing late-season nitrogen application methods. Tables 1 and 2 , respectively. Tobacco was produced using recommendations from the North Carolina Cooperative Extension Service (7), with the exception of treatments imposed. After curing, leaves were weighed to quantify yield and assigned a U.S. Department of Agriculture grade, which is based on leaf maturity and ripeness. Grades are assigned a monetary value and have an associated index value that quantifies leaf quality (1) .
Treatments consisted of nitrogen applications made in differing combinations of rate, timing, and method. Six treatments were evaluated utilizing all possible combinations of 3 nitrogen application timings (50% of total recommended nitrogen split applied after layby, 50% of total recommended nitrogen applied at topping, and 25% above total recommended nitrogen applied at topping) and 2 application methods (direct soil application and stalk rundown). Two additional treatments were also evaluated for comparison between standard nitrogen application programs and those previously mentioned. The first standard treatment consisted of 50% of the recommended nitrogen being applied at transplanting and 50% of the recommended nitrogen being applied at layby, to simulate practices currently utilized by growers. The second consisted of 50% of the recommended nitrogen applied at transplanting and 25% applied 2 weeks after transplanting, to evaluate plant response to reduced nitrogen application in a growing season where rainfall is below average. Nitrogen application was initiated after transplanting and was completed between layby and topping, depending upon treatment (Table 3) . Possible application timings evaluated were at transplanting, 15 cm, 38 cm (layby), 60 cm, and 120 cm plant height (topping). Application timing corresponded to approximately 0, 2, 4, 6, and 8 weeks after transplanting. Rates of total applied nitrogen were determined by individual growing locations (Table 1) . Within each growing location, rates of nitrogen applied were 75% (treatment 2), 100% (treatments 1, 3, 4, 5, and 6), or 125% of the recommended rate (treatments 7 and 8) ( Table 3) . Treatments were replicated 4 times using a randomized complete block design with factorial treatment arrangement. Individual plots contained 4 rows, each measuring 1.21 m in width by 12.19 m in length. Spacing between individual plants within row was 0.55 m at all locations. Tissue sampling and leaf harvest were performed on the center 2 rows of each plot, with outside rows serving as border rows between treatments.
Treatments were applied using a CO 2 -pressurized backpack sprayer with a pressure range of 100-175 kPa depending on application rate and nozzle size. Liquid urea-ammonium-nitrate (UAN) (28-0-0) supplied 100% of the total nitrogen for all treatments and was applied to each plot on the basis of treatment protocol (Table 3) . Nitrogen application before and at layby was soil applied using a simulated soil-directed application technique and then incorporated with a Danish tine rolling cultivator. Nitrogen application after layby occurred directly to the soil surface using a TG-3 or TG-5 full cone nozzle (TeeJet: Spraying Systems Co., Wheaton, IL 60187), depending on application rate. Soil-applied nitrogen at topping was implemented using the same material and equipment. The stalk rundown application method at topping was implemented with a CO 2 -pressurized backpack sprayer and a 3-nozzle sucker control boom containing a TG-3, TG-5, TG-3 (TeeJet: Spraying Systems) nozzle arrangement. UAN was mixed with water and applied over the top of the plant at a solution volume of 468 L/ha. Percentage of UAN added to the spray solution was dependent upon the designated nitrogen application rate. Treatments with more than 25% of the total nitrogen applied as stalk rundown were split into two applications to prevent plant injury from excessive nitrogen salt.
Tissue samples were collected at layby and at topping to quantify total nitrogen content during the growing season. Green leaf tissue samples were collected from 5 plants within each plot at the third or fourth leaf from the apex of the plant. Samples measured approximately 10 cm wide and 15 cm long. A single 50-g composite sample from all four stalk positions was collected after curing to quantify treatment influence on total alkaloid and reducing-sugar content. After sampling, tissue was dried, ground, and sent to the North Carolina State University Tobacco Analytical Services Lab for nitrogen content, total alkaloid, and reducingsugar content analysis. Layby and topping tissue sampling occurred approximately 1 week after the corresponding nitrogen treatments were applied. Leaf chlorophyll content was measured using a Konica Minolta SPAD-502 meter (Konica Minolta, Tokyo, Japan). SPAD meter readings occurred on the same day, but before nutrient sample collection for the at-topping interval. In each plot 10 leaves measuring approximately 15 cm long and 10 cm wide were measured using the SPAD meter and then averaged across the entire plot.
Analytical Procedures. Nitrogen. Total leaf nitrogen content was analyzed using the procedure of Nelson and Sommers (11) in the North Carolina State University Tobacco Analytical Services Lab in Raleigh, NC. The mMacro-Kjeldahl method was used but with modifications as described by Nelson and Sommers (11) , where the sample size was ground to ,80-mesh material to improve nitrogen recovery and shorten measurement time for each sample.
Total alkaloids and reducing sugars. Total alkaloid and reducing-sugar content was analyzed using the Perkin-Elmer Autosystem XL gas chromatograph (PerkinElmer, Waltham, MA 02451) procedure in the North Carolina State University Tobacco Analytical Services Laboratory in Raleigh, NC. This procedure quantifies total alkaloid content on the basis of chromatographic peak response at the retention times of alkaloid standards (9) . SPAD measurements. SPAD-502 measurements were conducted using a Minolta chlorophyll meter. SPAD-502 measurements are relative chlorophyll measurements that nondestructively measure red-region transmittance peak of chlorophylls a and b (around 660 nm) of the leaf and calculate a numerical value (SPAD value).
Statistical analysis. Data for crop yield, quality, value, percent nitrogen at layby, percent nitrogen at topping, percent total alkaloids, percent reducing sugars, and SPAD measurements were analyzed in SAS version 9.4 (SAS, Cary, NC 27513). Two separate data analyses were conducted for treatment comparisons. The first analysis compared standard application treatments (treatments 1 and 2) with late-season nitrogen application treatments (treatments 3-8) using a randomized complete block design. The second analysis compared late-season nitrogen applications only (treatments 3-8) using a factorial analysis. For both analyses, all parameters listed were subjected to an analysis of variance using the PROC GLM procedure. Treatment means were separated using Fisher's Protected LSD at P # 0.05.
RESULTS AND DISCUSSION
Significant location effects were observed for most parameters, likely due to variability in growing conditions observed at each location. Location-by-treatment interactions were also observed and are reported accordingly.
Analysis I: Late-Season Nitrogen Application Treatments Compared with Standard Treatments. Yield, value, total alkaloid and reducing-sugar content, nitrogen content at layby and topping, and SPAD measurement. The effect of late-season nitrogen application on yield, value, leaf chemistry, leaf nitrogen, and SPAD measurement was not significantly different from standard nitrogen application programs (Table 4 ). In general, nitrogen application occurring through standard earlyseason treatments resulted in acceptable leaf yield and value but contained reduced nitrogen content at topping and total alkaloids as well as higher sugar content (Table 4) . Specifically, total alkaloid content was lowest and reducing-sugar content was highest where 75% of the total recommended nitrogen rate was applied (Table 4) . Leaf nitrogen content at topping was lower for the same treatment (Table 4) . These results reflect the findings of Elliot and Court (5) who report leaf nitrogen content as being positively correlated with nicotine concentration and negatively correlated with sugar content. Reduced leaf nitrogen and total alkaloid content are most likely due to excessive rainfall, which was experienced in both years of this study (Table 2) . Ultimately, results indicate that late-season nitrogen application was acceptable under the growing conditions observed in this study.
Quality. Late-season nitrogen application reduced leaf quality at the BBTRS in 2012; however, quality was not affected by nitrogen application at all other locations (Table 5 ). Felipe and Long (6) report a leafquality reduction as nitrogen application rates increase above recommendation. Late-season nitrogen application may have delayed ripening, ultimately reducing cured leaf quality at this single location.
Analysis II: Comparison of Late-Season Nitrogen Application Treatments. Yield. The only factor to significantly affect tobacco yield was nitrogen application method, with soil application yielding 2,902 kg/ha and stalk rundown yielding 2,778 kg/ha. Yield increase from nitrogen application directly to the soil is likely due to greater contact of the effective rooting zone, ultimately leading to a greater possibility of nutrient interception by the rooting system. Alternatively, when the stalk rundown method is utilized, all solution moves to the base of the plant; this area is much smaller in comparison with the continuous band application directly to the soil surface. Furthermore, the volume of solution being applied with the stalk rundown application is approximately 30 mL per plant (on the basis of an application volume of 468 L/ha). Tobacco leaves exhibit very little nutrient absorption through the leaf tissue (3) and, therefore, the critical placement of the solution is at the base of the plant. Slight pooling of the nitrogen solution applied through the stalk rundown At Topping b Method of application refers to nitrogen application at topping, before topping nitrogen was soil applied only. c Quality index is rated on a scale of 1-100, with 100 being of the highest quality. d SR, stalk rundown application, applied over the top of the plant. e SA, soil applied, applied to soil surface using simulated drop lines. application was noted; however, most was retained by the plant. After stalk rundown application, any solution remaining on the leaf surface that dries does not reach the effective rooting zone unless facilitated by wash-off through rainfall or irrigation.
Treatment --------------------Nitrogen Application Timing -------------------Total Nitrogen
Quality. A nitrogen application timing-by-application method interaction was observed; therefore individual treatments are reported (Table 6 ). Leaf quality was improved when 50% of the total nitrogen was applied directly to the soil surface at topping and when above-recommended rates of total nitrogen were applied through stalk rundown at the same growth stage (Table 6 ). It has been reported that increasing nitrogen rates above recommendation can result in decreased quality and a delayed ripening (6) . This observation was not observed under growing conditions present in this study. It is plausible that the excess rainfall in both years leached nitrogen from the soil profile and therefore normal ripening of the crop was possible. In 2012, lateseason rainfall likely removed excess nitrogen from the effective rooting zone. In 2013, because of excessive season-long rainfall, there was likely very little nitrogen available in the soil profile because of leaching, and, as a result the addition of nitrogen late in the season did not add excessive nitrogen to the crop. Late-season applications in 2013 are more accurately described as leaching adjustments, though that was not the primary intention of the study. In a season with average or below-average rainfall, it is likely that treatments applying 50% of the recommended nitrogen at topping would experience a delay in leaf ripening. Assumptions for nitrogen leaching are based on research efforts regarding soil profile nitrogen and excess rainfall (16) .
Precaution should be exercised when applying nitrogen as a stalk rundown application as too much nitrogen applied at one time can result in leaf necrosis, which has potential to negatively affect leaf quality. In this study, rates of nitrogen above 25% of the required nitrogen caused leaf damage. Fifteen liters of 28% UAN combined with water for a total of 468 L/ha spray solution was safe for foliar application in the majority of the tests. Thin, stressed tobacco did exhibit minor leaf damage from this application; however, injury was not observed on healthy, vigorous plants.
Value. Crop value was affected by the interaction of nitrogen application timing and method at UCPRS in 2013 (Table 7) , most likely due to above-average precipitation and insufficient moisture drainage. In addition, nitrogen applied late in the season above recommended rates did not overcome excessive rainfall. The majority of rainfall at this location occurred between the months of June and September (Table 2) , and it is plausible that nitrogen applied later in the growing season was not utilized by the crop. At this location, the 3 highest crop values were observed in treatments receiving the least amount of total applied nitrogen ( Table 7) . Within these treatments both methods of application were utilized; therefore, no correlation between crop value and nitrogen application method can be readily discerned. Of all treatments, the stalk rundown application at above recommended application rates resulted in the lowest crop value ( Table 7) . As previously noted, stalk rundown application of nitrogen resulted in lower leaf yields when compared with direct soil application. Reduced leaf yield often results in lower crop value.
Total alkaloids. Nitrogen application did not affect total alkaloid content (data not shown). Treatment averages for total alkaloid content ranged from 2.83 to 3.12%, which fall within the acceptable range for total alkaloids as noted by Chaplin and Miner (2) .
Reducing sugars. Nitrogen application timing affected reducing-sugar content (Table 8) . Treatments receiving 50% of the total nitrogen at topping resulted in the lowest reducing-sugar content (Table 8) . Initiation of starch accumulation begins once nicotine and protein synthesis have terminated (5) . Termination of protein synthesis occurs in a nitrogen-deficient system or when nitrogen availability ceases for plant uptake (15) . Treatments with a portion of total nitrogen applied at transplanting had less nitrogen applied later in the season, allowing for earlier initiation of starch accumulation (Table 8 ). This is the most likely cause for the higher reducing sugar when compared with treatments that did not have nitrogen applied until 2 weeks after transplanting (Table 8) . Regardless of treatment, all averages for total reducing-sugar content fell within the percentage range of 1,500 tobacco cultivars that were evaluated at a single environment grown under similar cultural practices (2) .
Leaf nitrogen content at layby. Leaf nitrogen content at layby response to nitrogen application timing was different at OTRS-13 and UCPRS-13 (Table 9) . At OTRS-13 leaf nitrogen was lowest when nitrogen was Table 7 . Nitrogen application timing and method.
-----------------------------Nitrogen Application Timing ----------------------------Total Nitrogen Treatment
At Transplanting 2 Weeks after Transplanting
At Layby 2 Weeks after Layby
At Topping -3  25  -25  25  25  100  4  25  -25  25  25  100  5  -25  25  -50  100  6  -25  25  -50  100  7  50  -50  -25  125  8  50  -50  -25  125 split-applied at transplanting and layby because of high early-season rainfall (Tables 2, 9 ). The opposite was observed at UCPRS-13, where leaf nitrogen content was lowest when nitrogen application occurred 2 weeks after transplanting and at layby, indicating that sufficient nutrient accumulation had not yet occurred (Table 9) .
Leaf nitrogen content at topping. The response of leaf nitrogen content at topping was different at 2 of the 4 growing locations (Table 10 ). The stalk rundown method resulted in higher leaf nitrogen content at topping than the soil-applied method at OTRS-12 and OTRS-13 (Table 10) . Within each location, percent leaf nitrogen content varied only slightly, which is most likely due to the lack of extreme nitrogen rate differences between the treatments. Previous research efforts have demonstrated that foliar uptake of nitrogen in tobacco is not an effective means of fertilization (3); in addition, there are likely other reasons for this response. One plausible reason is that by facilitating stalk rundown of the nitrogen solution to the base of the plant, root interception and absorption may occur faster than with a direct soil application. Additionally, nitrogen residue from the stalk rundown application could have remained on the leaf surface, resulting in increased nitrogen percentage of the leaf when quantified in the laboratory.
SPAD measurements. SPAD measurements were different at the OTRS-12 and UCPRS-13 because of nitrogen application method (Table 10 ). The stalk rundown application method resulted in higher SPAD measurements at both locations (Table 10 ). With SPAD readings being indicative of chlorophyll content, higher measurements are likely correlated to the higher leaf nitrogen content at topping as both of these parameters were measured on the same day from the same leaf position. In general, stalk rundown application of nitrogen also resulted in higher leaf nitrogen content at topping (Table 10) .
CONCLUSION
Flue-cured tobacco produced with late-season nitrogen applications resulted in similar agronomic and chemical composition to leaf produced under typical nitrogen application programs. The similarities observed between the two approaches to nitrogen management indicate that late-season nitrogen application is an option for tobacco producers in the United States; however, growers are encouraged to exercise caution when considering these management practices. Within late-season nitrogen application evaluations, nitrogen application timing and method affected agronomic and chemical measurements. Soil-applied nitrogen resulted in improved leaf yield and quality, likely due to prolonged nitrogen availability during periods of excessive rainfall. Nitrogen application through stalk rundown provided a quicker response when assessing leaf tissue nitrogen content and SPAD measurements. Results indicated that late-season soil application of nitrogen as a leaching adjustment is acceptable and can potentially increase leaf yield in seasons with greaterthan-normal precipitation. Alternatively, stalk rundown 
Reducing Sugars At Transplanting 2 Weeks after Transplanting
At Layby 2 Weeks after Layby
At Topping application of nitrogen is suitable for increasing tobacco leaf greenness, thus promoting leaf holdability in the field. This practice is likely beneficial to producers experiencing issues related to curing capacity and availability of curing barn space. During growing seasons with excessive rainfall curing barn space becomes problematic because of expedited leaf ripening through the loss of soil nitrogen. It is in this scenario that a rapid uptake of nitrogen by the tobacco plant could potentially alleviate these issues, allowing for a more gradual harvesting and curing process.
Research from the 4 locations in this study provided excellent representation of the growing conditions experienced in North Carolina during the 2012 and 2013 seasons. Rainfall was above average late in the 2012 season and above average earlier in the 2013 season; both scenarios are believed to have affected soil nitrogen availability due to leaching. On the basis of previous research efforts (3,13), it can be expected that if less rainfall had occurred in both growing seasons, differences in yield, quality, and value may have been observed. Specifically, nitrogen programs delivering 50% of the total nitrogen at topping or greaterthan-recommended rates of nitrogen would likely have resulted in a reduction of leaf quality due to prolonged nitrogen assimilation. Ultimately, leaf quality and curingrelated issues were not observed in this study because of excessive rainfall in 2012 and 2013; however, additional research is needed to evaluate the impact of late-season nitrogen applications during normal to dry growing seasons.
The selection of liquid fertilizer sources allows for increased ease in nutrient application and reduced input cost for nitrogen fertilizer materials. The fertilizer source and application methods selected for this study are easily obtainable and practical to implement for the majority of growers in the tobacco-producing regions of the United States. Despite favorable results observed in this study, producers should be aware of the issues associated with stalk rundown application. Nitrogen, when applied at rates similar to those in this study, delivers a large quantity of salt to the plant, which can result in significant injury. Growers should add no more than 20 kg/ha of nitrogen to water in a 468 L solution to reduce injury potential. To further alleviate injury potential, a reduced amount of fertilizer (11) (12) (13) (14) (15) (16) (17) kg N/ha) could be utilized in multiple applications. In addition, stalk rundown-applied nitrogen was not tank mixed with a fatty alcohol suckercide. This practice is generally discouraged as the combination of the two materials is likely to result in significant leaf injury.
Ultimately, the implementation of late-season nitrogen application programs provide management options for U.S. flue-cured tobacco producers. These practices allow farmers to make nitrogen application decisions on the basis of current weather conditions as well as plant growth stage. In seasons marked by belowaverage rainfall the risk of overfertilization is greatly ------------------------%------------------------ reduced, thus allowing for a normal ripening process of the leaf. Alternatively, in seasons characterized by excessive rainfall, such as those in this study, the opportunity for late-season nitrogen adjustments allows for increased crop yield and more favorable leaf chemistry. It is recommended that producers approach both scenarios with sufficient consideration.
----------------------% nitrogen applied ------------------------------------------%-------------------
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